IMMUNOTHERAPEUTk COMPOSITION AND METHOD FOR THE 
TREATMEN^OF PROSTATE CANCER 

TECHNICAL FIELD OF THE INVENTION 
The present invention relates generally to the generation of cellular and humoral 
immune responses to prostate-specific antigen (PSA). The present invention also relates to a 
therapeutic composition that contains a monoclonal antibody that is useful in generating 
cellular and humoral immune responses to PSA. 

BACKGROUND OF THE INVENTION 
Prostate cancer is one of the most common cancers in men and is one of the most 
common causes of cancer death, although, if diagnosed early, is potentially curable through 
surgical intervention, radiation therapy, or hormonal therapy. Since differential diagnosis is 
difficult at best, however, most prostate cancer is not diagnosed until later stages, typically 
after metastasis of the primary tumor. The primary therapy for metastatic prostate cancer is 
either androgen-antagonistic agents or castration, but most relapse patients show prostate 
tumor cells that are androgen-independent. Currently, there are no effective 
chemotherapeutic agents that can control the growth of androgen-independent prostate 
tumor cells. 

PSA is a 240 amino acid member of the glandular kallikrein gene family. This 33 kDa 
single chain glycoprotein is a serine protease secreted by both normal and transformed 
epithelial cells of the prostate gland. PSA can be detected at low level in the sera of healthy 
males without evidence of prostate cancer. Howev er, dur ing neoplastic states, circulating 
^ levels of this antigen increase markedly, correlating with the clinical stage of the disease. PSA 
\ expression is almost exclusively restricted to the prostate cells, and is the most widely used 
' marker for the diagnosis and monitoring of prostate cancer patients. 

The tissue specificity of PSA~makes it a particularly attractive target antigen for the 
development of immunotherapies against prostate cancer. PSA is detected in nearly all 
adenocarcinomas of the prostate and the expression of PSA was also demonstrated at distant 
metastatic sites. Several studies point out that PSA is a potential target for the induction of 
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T-cell directed immunity against prostate cancer. Indeed, several PSA peptides capable of 
binding to MHC-class I molecules have been identified and it is now well established that a 
PSA specific T-cell repertoire exists in humans. Studies using in vitro immunization have 
shown the generation of CD4 and CD8 cells specific for PSA and T-cell lines with specific 
recognition of PSA peptides were generated from both healthy volunteer and prostate 
cancer patients. Of particular importance is the generation in vitro of cytotoxic T- 
lymphocytes specific for PSA and capable of lysing human prostate tumor cells [Xue et al., 
Prostate 30(2):73-8, (1997); Correale et al., Journal of the National Cancer Institute 89(4):293-300 
(1997); Correale et al. Journal oj Immunology 161(6):3186-94 (1998); Alexander et al., Urology 
51(l):150-7 (1998)]. 

Based on these promising data, numbers of PSA-targeted immuno therapeutic 
approaches are currently being investigated in preclinical setting. Clinical trials employing a 
recombinant vaccinia virus engineered to express PSA, recombinant PSA encapsulated into 
liposomes, or autologous dendritic cells loaded with peptide sequences of PSA have already 
started [See Future Oncology Vol 4, No. 3/4 (1998)]. 

The present invention describes a new immunotherapeutic product for prostate 
cancer that employs as a therapeutic agent a binding agent such as a monoclonal antibody 
directed against PSA. It is believed that the therapeutic efficacy of the injected anti-PSA 
antibody is based on multiple mechanisms of actions acting in synergy. Tumor cell killing 
through an ADCC or CDC mechanism is not expected for these binding agents since PSA is 
not expressed at the cell surface. The therapeutic efficacy of these binding agents relies on 
the induction of a specific PSA cellular immune response and in the non-specific stimulation 
of the host immune system resulting in the induction of an immune response against various 
tumor antigens. 

The induction of a specific cellular immune response upon immunization of the host 
with either Abl or Ab2 has been demonstrated in a number of studies. Of particular 
importance is the generation through this mechanism of specific CTLs responses in ovarian 
cancer patients, melanoma patients, myeloma patients, and non-Hodgkin's lymphoma 
patients [Nelson et al., B^88(2):580-9 (1996); Madiyalakan et al., Hybridoma 16(l):41-5 
(1997); Osterborg et al., B/W91(7):2459-66 (1998); and Pride et al., Clinical Cancer Research 
4:2363 (1998)]. It is therefore expected that the immunization of prostate cancer patients 
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CTL immune response against PSA. 

Tto makes PSA an atttacove target fa irnmunotherapy. S-rf attempt* at 
generating an immune response have me. with Umited success P ue et at I* Pnv«, 30-73- 
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.ntemationa. Application No. PCT/US97/04454, fled ,9 Match ,997,. Combinmg me 
pI „fo«nd impact of ptostate cancer with the !ack of effective therapies, it is dear that 
„,ernative modahties of treatment need to be explored and that the ability to elict a 
thetapeudc immune response to PSA would be highly desirable. 

,mmunoth«apies involve one or more components of the immune system to tngger 
a co mpl« cascade of biological teacdons focused on ehmmadng a foreign molecule from 
the host The immune system constats of a wide range of distinct ce!l types, the most 
important of which are the lymphocytes. Lymphocytes determine the spectncu, of 
JL*. and * is the, response that otchestrates the effector Umbs of the Lmmune system. 
CeDs and proems, such as andbod.es, that utterac. wtth lymphocytes play critical toles m 
bommepresentadonofantigenandmmemedktionof.n^unologtcfuncdons 

mdivtdual lymphocytes provide a specialized function by tesponding to a bmtted set 
of struourany rdated antigens. As noted in mote detarl below, tins function ts defined 
„>ly by the presence on the lymphocyte, surface membtane of receptors that are 
specific forbindingst.es (determinants o. epitopes) ontheantigen. Lymphocytes dtffer 
from each other no. only in the spectficit, of their receptors, but also in their funcnons. 
One dass of lymphocytes, B cells, are precursors of antibody-secreting ceUs, and function as 
mediators of the humoral munune response. Another dass of lymphocytes, T cdls, egress 
important rectory Actions, and are mediators of the cellular immune response. 

Cancer immunotherapy is based on the pnncple of inducing the immune system to 
recognize and eliminate neoplastic cell, The key dements in any immunotherapy > 
m ducmg the host unmune system to tits, recognrze a molecule as an unwanted targe, and 
then ntductng the system to tnitiate a tesocnse against that molecule. In healthy hosts, the 
immune system tecognizes surface features of a molecule that i. no. a normal consent o 
the hos. (U., is W » *» faak " ° CaUS ' 



then direct a response against that particular foreign molecule. 

Both the recognition and the response elements of the immune system involve a 
highly complex cascade of biological reactions. In most immunologically based disorders, at 
least one of the steps in the recognition phase, or at least one of the steps in the response 
phase, are disrupted. Virtually any disruption in either of these complex pathways leads to 
reduced response or to no response. The inability of the immune system to destroy a 
growing tumor has been attributed, among other factors, to the presence of tumor- 
associated antigens (TAA) that induce immunological tolerance and/or immunosuppression. 
For example, in some kinds of cancer, the cancer itself tricks the host into recognizing a 
foreign cancer cell as a normal constituent, thus disrupting the recognition phase of the 
immune system. The immunological approach to cancer therapy involves modification of 
the host-tumor relationship so that the immune system is induced or amplifies its response 
to the TAAs. If successful, inducing or amplifying the immune system can lead to tumor 
regression, tumor rejection, and occasionally, to tumor cure. 

One of the host system's mechanisms for combating a foreign molecule is called a 
humoral response, the production of an antibody against a specific foreign molecule (called 
an antigen). Typically, the antibody's capability of binding the antigen is based on highly 
complementary structures. That is, the shape of the antibody must contain structures that 
are the compliment of the structures on the antigen. When the respective structures are fully 
complimentary, then the two molecules bind tightly. 

Antigens are molecules that interact with specific lymphocyte receptors - surface T 
cell antigen receptors and B cell immunoglobulin receptors. A particular B or T cell binds to 
a very specific region of the antigen, called an antigenic determinant or epitope. Thus 
antigens are molecules that bear one or more epitopes which may be recognized by specific 
receptors in an immune system, a property called antigenicity. 

Immunogenicity is the property of stimulating the immune system to generate a 
specific response. Thus, all immunogens are antigens, but not vice-versa. Although an 
immune system may recognize an antigen, it does not respond to the antigen unless the 
antigen is also immunogenic. 

An immune response to a particular antigen is greatly influenced by the structure and 
activity of the antigen itself, as well as myriad other factors. In some cases, the immune 



system is not able to generate an immune response to a particular antigen, a condition that is 
called tolerance. 

In influencing whether an antigen is immunogenic or immunotolerant, an important 
characteristic of the antigen is the degree of difference between the antigen and similar 
molecules within the host. The most immunogenic antigens are those that have no 
homologs in the host, i.e., those that are most "foreign." Other factors that promote 
immunogenic^ include higher molecular weight, greater molecular complexity, the proper 
antigen dose range, the route of administration, the age of the host, and the genetic 

composition of the host. 

As noted above, antigens may have one or more epitopes or binding sites that are 
recognized by specific receptors of the immune system. Epitopes may be formed by the 
primary structure of a molecule (called a sequential epitope), or may be formed by portions 
of the molecule separate from the primary structure that juxtapose in the secondary or 
tertiary structure of the molecule (called a conformational epitope). Some epitopes are 
hidden in the three dimensional structure of the native antigen, and become immunogenic 
only after a conformational change in the antigen provides access to the epitope by the 
specific receptors of the immune system. This is an important feature and function in the 
ability of a therapeutic reagent to initiate recognition and response to an antigen, the 
inducing both a cellular and humoral response to the antigen, and to increasing the 
antigenicity of a molecule without affecting its immunogenicity. 

One of the responses generated by the immune system, a humoral response, involves 
the production of antibodies. Antibodies bear three major categories of antigen-specific 
determinants - isotypic, allotypic, and idiotypic - each of which is defined by its location on 
the antibody molecule. For the purpose of the present invention, we shall only focus on the 
idiotypic category. 

Idiotypic determinants, or idiotopes, are markers for the V region of an antibody, a 
relatively large region that may include several idiotopes each capable of interacting with a 
different antibody. The set of idiotopes expressed on a single antibody V region constitutes 
the antibody idiotype. An antibody (Abl) whose antigen combining site (paratop^teracts 
\ with an antigenic determinant on another antibody V region (idiotope) is called an anti- 
\ /idBtypic antibody (AbiTjhl^aTIntibody includes an antigen binding site, and may 
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indude one or more antibody binding sites. There are two types of anti-idiotyp,c annbod.es, 
sometimes called Ab2« and Ab2p. In one type of anti-iAotype antibody (Ab2 P ),Ae 
comb^ing site perfectly mim.cs the structure of Ae antigen epitope recognized by the AM 
antibody. This type of and-idiorype is said to represent the internal image of the antigen. By 
definmon, Ae andgen and this type of anti-iAotype antibody compete for 4. same brnthng 
site on Ab„ and the andgen inhibits Ae interaction between AM and Ac anti-iAotyp.c 
antibody. The phenomenon of producing an anti-idiotypic antibody having Ae mtemal 
image of Ae andgen may permit Ae use of antibodies to replace Ae antigen as an 

immunogen. . . . 

The second type of and-idiorype, AbVbind.to an iAotopeof AM Aa. » AsnnctJ 

from Ae antigen binding site, and Aerefore ma, be characterized in terms of A. anngen's 
tabSry to prevent Ae binding of Aeanti-idio^e to AM. Fo, th. S type of anti-iAotype, 
Abl can Wndjo boA Ae antigen and Ae anti-tdtotypic antibody. For a gn,phic 
^ntadonof Aese types of antibodies and Aei. interaction, see Ftgure 1. 

These various interaction, based on .diotypic determinants ,s called Ae .Aotyp.c 
netwotk rs based on Ae immonogenicity of Ae vanabl. regions of immunoglobuhn 
molecules (Abl) which stimulate Ae rmmune system to generate anti-idiotypic antibod.es 
(Ab2) some of which mirmc antigenic epitopes ("internal imaged of Ae original anngen. 
The presence of internal .mage antibod.es (Ab2) in Ae emulation can in tun. mduce Ae 
paction of anti-anti-iAotypic antiboAes (Ab3), some of which indude structures Aa, 
react with the original antigen. 

,n adAnon to a humoral response, Ac immune system may also generate a cellular 
response mediated by activated T-cells. There are a number of interceUula, s^nals 
important to T cell activation. Under normal circumstances an antigen degrades or .s 
Ceaved to form anngen fragments or peptides. Presentation of antigen fragments to T-cells 
.s Ae princpal function of MHC molecules, and Ac cells Aat carry out dns funcnon are 
c ailed antigen-ptesendng cells (APO mdudmg but no, lirmted to dendrmc cells, 

macrophages, and B cells). 

!„ addition to generating a humora! response, AM and Ab2 have been shown ,„ 
mdnce a cellular rmmune response characterized by prohferative lymphocytes Aefcer and 
suppressor lymphocytes), as well as cytotoxic lymphocytes. Therefore, acco.Ang to Ae 



idiotypic network theory, the injection of anti-PSA antibody should result in the induction of 
a specific cellular and humoral immune response against the PSA molecule. The concept 
that anti-idiotypic antibodies function as immunogens has been shown by successful 
immunization against tumoral, bacterial, viral and parasitic antigens in animal models. 
Generating Ab2 is an indicator of the existence of a robust immune response that inherently 
reflects the induction of immune system pathways. 

The capture and processing of an antigen by APCs is essential for the induction of a 
specific immune response. The three major APCs are dendritic cells, macrophages and B- 
lymphocytes; dendritic cells are the most efficient. The injected antibody forms a complex 
with a circulating PSA, and can be targeted to dendritic cells and macrophages through the 
Fc-receptors present on these cells. However the high number of Fc receptors on 
neutrophils may considerably limit this process. 

The capture and processing of PSA by B-cells may also occur through the interaction 
of the membrane bound Ab2 with the anti-PSA /PSA complexes and in a similar manner 
through the interaction of membrane bound Ab3 with PSA (complexed or not with the anti- 
PSA antibody). 

SUMMARY OF THE INVENTION 

The present invention is the use of a monoclonal antibody that specifically binds to a 
circulating prostate-specific antigen at a binding site that results in the production of anti- 
anti-idiotypic antibodies. A composition according to the present invention induces both a 
humoral and cellular immune response to PSA. Furthermore, a composition according to 
the present invention induces or amplifies antigenicity of a tumor-associated antigen without 
affecting its immunogenicity. 

A method according to the invention preferably comprises introducing a sufficient 
amount of antibody into a host to stimulate a humoral and cellular immune response. The 
antibody composition may be formulated with an adjuvant or in a liposomal or micellular 
formulation. 

The antibody according to the present invention is useful in generating a humoral 
and cellular immune response against PSA in a broad segment of the human population with 
differing HLA class I molecule types. This is in part due to the antibody's specificity for a 
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particular sequence on the PSA molecule. 

This sequence is of particular Importance for PSA targeted immunotherapy stnce ,, 
contains consensus ammo acid motifs for bindmg to HIA-A2. Of particular interest rs the 
demonstration that the peptides 14,450, ,46- 154, and ,54-163 can generate in vitro human 
cytotoxic T-lymphocytes capable of lysing human prostate carcinoma cells. Another 
important observation i, me identiEcation of a deaved^und* ^ ^ 

cupped form of PSA demonstrating that this sequeni^cuUrly sensmve to proteose 
degradation. The selected anti-PSA antibody may therefore upon binding to PSA protect 
rhis particular sequence against proteolytic degradation in the endosomal compartment o 
APCs and enhance the production of rmmunogenic peptides capable to induce an ann-PSA 
immune response. 

The accompanying drawings show tllustrative embodiments of the tnvenoon from 
which mese and other of the objectives, novel features and advantages wnl be readtly 

apparent. 



li DESCRIPTION OF THE DRAWINGS 

1 5 , «f tVip different types of antibodies and their 

Figure 1 is a graphic representation ot the omereni ty F 

structural relationship to each other and to an antigen. 

Figure 2 shows the amino acid sequence of a prostate-specific antigen binchng site. 
Figure 3 is a flow chart of the scheme for producing antibodies according to the 
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Figure 4 shows the growth characteristics of an antibody accotding to the mvennon. 
Ftgure 5 shows the binding characteristics of an antibody according to the invenuon. 
Figure 6 shows the detection of PSA m cell supernatant of ttansfected cell Imes. 
Ftgure 7 shows that Balb/c mice (Figure 7a) and DBA truce (Figure 7b) immunrzed 
2 5 with an anti-PSA antibody of the invention, tnduce the production of anti-drotype 

antibodies. 

Figure 8 shows that immunization with an anti-PSA antibody of the invention 
induces the production of Ab3 antibodies. 

Figure 9 shows the effect of immunization with an antibody of the invention on 

3 o tumor development 
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Figure 10 shows that immunizing with an antibody of the invention induces specific 
lU nity against PSA. Figure 10a is for PSA and Figure 10b is for a PSA peptide. 



DETAILED DESCRIPTION OF THE INVENTION 
The present invention is a composition comprising a binding agent, such as an 
antibody, that specifically binds to a prostate specific antigen (PSA), preferably circulating 
PSA, and even more preferably to an epitope of the PSA molecule corresponding to amino 
acid sequences 139 to 163. In a preferred embodiment of the invention, the binding agent is 

a monoclonal antibody. 

The present invention is a composition and method of treatment in which the 
composition includes a binding agent, such as an antibody, that can both induce the 
production of an anti-anti-idiotype antibody, and can bind with circulating PSA to form a 

target for antigen presenting cells. 

The present invention also comprises a method for treating prostate cancer by 
administering a composition according to the invention. 

The present invention also comprises a composition and method for inducing the 
production of anti-anti-idiotypic antibodies that specifically bind to a prostate specific 
antigen. 

The present invention also includes a kit containing a composition according to the 
present invention. 

In a preferred embodiment of the invention, a composition comprising a pre- 
determined antibody that specifically binds to a pre-determined tumor associated antigen is 
used to bind a soluble antigen produced by the tumor. Once the soluble antigen is bound, 
the unmune system recognizes the antigen as "foreign," and mounts an immune response 
against the antigen or against the binding agent bound to the antigen. Antigens that can be 
made immunogenic are potentially useful to induce or activate an immune response, leading 
to therapeutic and possibly prophylactic benefits. 

As used herein the term "prostate specific antigen" includes the in vivo, ex vivo, or in 
vitro native protein, the native protein whether purified from a native source or made by 
recombinant technology, as well as any polypeptide, mutern or portion derived therefrom 
that is capable of generating an immune response to a native conformationally correct PSA. 



For example, one can make conservative amino acid substitutions in the molecule without 
adversely affecting the ability to generate an antibody that will also recognize native PSA. 

The compositions and methods of the present invention involve prostate cancer that 
produces a soluble multi-epitopic tumor-associated antigen (TAA). As used herein soluble is 
used to describe any antigen that is detectable in a body fluid, i.e., blood, serum, ascites, 
saliva, or the like. Prostate cancer shed soluble tumor antigens, e.g., tumor antigens shed 
into the bloodstream, as opposed to a surface antigen or an intracellular antigen; exhibits a 
multi-epitopic tumor associated antigen, preferably of protein or glycoprotein (e.g., mucin) 
nature; and can be found at a concentration in the patient's body fluid more than is normally 
present in healthy controls and such a high level signifies a poor prognosis for the patient, 
yet has not initiated an immune response. As is well known by one skilled in the art, one 
method of determining whether the concentration of the TAA is greater than is predictive of 
recurrence of the disease is by comparing the patient's concentration to that of a healthy 
control. If the concentration of the TAA is higher than the healthy control, then the 
patient's concentration is predictive of poor prognosis of the disease. 

A binding agent (BA), as used herein, refers to one member of an immunologic pair, 
e.g., a binding moiety that is capable of binding to a single epitope expressed on the tumor 
antigen. Exemplary binding agents include, but are not limited to: monoclonal antibodies 
("MAb"); chimeric monoclonal antibodies ("C-MAb"); genetically engineered monoclonal 
antibodies ("G-MAb"); fragments of monoclonal antibodies (including but not limited to 
"F(Ab) 2 ", "F(Ab)" and "Dab"); single chains representing the reactive portion of monoclonal 
antibodies ("SC-MAb"); tumor-binding peptides; humanized antibodies; any of the above 
jomed to a molecule that mediates an effector function; and mimics of any of the above. 
The antibody may be a polyclonal antibody or a monoclonal antibody. When the subject is a 
human subject, the antibody may be obtained by immunizing any animal capable of 
mounting a usable immune response to the antigen, such as a mouse, rat, goat sheep, rabbit 
or other suitable experimental animal. In the case of a monoclonal antibody, antibody 
producing cells of the immunized animal may be fused with "immortal" or "immortalized" 
human or animal cells to obtain a hybridoma which produces the antibody. If desired, the 
genes encoding one or more of the immunoglobulin chains may be cloned so that the 
antibody may be produced in different host cells, and if desired, the genes may be mutated 
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so as to alter the sequence and hence the immunological characteristics of the antibody 
produced. 

Fragments, or fragments of binding agents, may be obtained by conventional 
techniques, such as by proteolytic digestion of the binding agent using pepsin, papain, or the 
like; or by recombinant DNA techniques in which DNA encoding the desired fragment is 
cloned and expressed in a variety of hosts. Irradiating any of the foregoing entities, e.g., by 
ultraviolet light will enhance the immune response to a multi-epitopic antigen under similar 
conditions. In a preferred embodiment of the invention, effector functions that mediate 
CDC or ADCC are not required. 

The present invention includes substitutions and deletions within the amino acid 
structure of the antibody provided that the modifications result in a functionally equivalent 
antibody with enhanced immunogenicity. 

In an embodiment of the invention, a composition includes an antibody that 
specifically binds to circulating prostate-specific antigen. In an embodiment of the 
invention, the antibody binds to an epitope of PSA corresponding to amino acid sequences 
139-163 of the PSA molecule. More specifically, the antibody binds to an epitope 
corresponding to the following amino acids: EEFLTPKKLQCVDLHVISNDVCAQV (Seq^ 
ID^l. 1). In a most preferred embodiment, a binding agent according to the invention 
binds to an epitope of PSA corresponding to amino acid sequences 135 to 150 of the PSA 
molecule. In accordance with the present invention, other binding agents may be useful in 
the practice of this invention. For example, other suitable binding agents, such as 
monoclonal antibodies, include those that bind near the N-terminus of the PSA molecule. 

The antibody of the present invention may be formulated into a pharmaceutical 
composition in combination with a pharmaceutically acceptable carrier for use as an 
immunogen in a mammal, preferably a human or primate. The composition may further 
comprise one or more other constituents to enhance the immune response which include 
but are not limited to biological response modifiers such as dendritic cell growth factors, 
such as Fit 3; interleukin 2, interleukin 6, interleukin 12, interferon, tumor necrosis factor, 
GM-CSF and cyclophosphamide. The composition may also comprise at least one HLA 
class I molecule, or a cell expressing at least one HLA class I molecule in combination with 
one or more antibodies or fragments thereof. Adjuvants include, for example, RIBI Detox, 
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QS21, alum and incomplete Freund's adjuvant Liposomal formulations can also be used. 

The composition may include one or more adjuvants, one or more carriers, one or 
more excipients, one or more stabilizers, one or more imaging reagents, and/or 
physiologically acceptable saline. Generally, adjuvants are substances mixed with an 
immunogen in order to elicit a more marked immune response. Control vaccinations 
without the adjuvant resulted in humoral immune responses. The composition may also 
include pharmaceutical^ acceptable carriers. Pharmaceutical^ accepted carriers include but 
are not limited to saline, sterile water, phosphate buffered saline, and the like. Other 
buffering agents, dispersing agents, and inert non-toxic substances suitable for delivery to a 
patient may be included in the compositions of the present invention. The compositions 
may be solutions suitable for administration, and are typically sterile and free of undesirable 
particulate matter. The compositions may be sterilized by conventional sterilization 
techniques. 

A composition according to the invention may be administered to a mammal in an 
amount effective in generating a PSA specific humoral and cellular immune response. The 
efficacy of the antibody as an immunogen may be determined by in vivo or in vitro parameters 
as are known in the art. These parameters include but are not limited to antigen specific 
cytotoxicity assays, regression of PSA + tumors, inhibition of PSA + cancer cells, production 

of cytokines and the like. 

As used herein, "administering" refers to any action that results in exposing or 
contacting a binding agent, such as an antibody, with a pre-determined antigen, cell, cells, or 
tissue, typically mammalian. As used herein, administering may be conducted in vivo, in vitro, 
or ex vivo. For example, a composition may be administered by injection or through an 
endoscope. Administering also includes the direct application to cells of a composition 
according to the present invention. 

In accordance with a method of the invention, the binding agent must be capable of 
binding a pre-determined binding site or receptor, and may be administered to the patient 
by any immunologically suitable route. For example, the binding agent may be introduced 
into the patient by an intravenous, subcutaneous, intraperitoneal, intrathecal, intravesical, 
intradermal, intramuscular, or intralymphatic routes. The composition may be in solution, 
tablet, aerosol, or multi-phase formulation forms. Liposomes, long-circulating liposomes, 
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immunoUposomes, biodegradable microspheres, micelles, or the like may also be used as a 
carrier, vehicle, or delivery system. Furthermore, using ex vivo procedures well known m the 
art, blood or serum from the patient may be removed from the patient; optionally, it may be 
desirable to purify the antigen in the patient's blood; the blood or serum may then be mixed 
with a composition that includes a binding agent according to the invention; and the treated 
blood or serum is returned to the patient. The clinician may compare the anti-idiotypic and 
anti-isotypic responses associated with these different routes in determining the most 
effective route of administration. The invention should not be limited to any particular 
method of introducing the binding agent into the patient. 

In accordance with the methods of the present invention, a composition comprising 
the binding agent may be administered in an amount sufficient to recognize and bind the 
prostate tumor associated antigen. In a preferred embodiment of the invention, the dosage 
is sufficient to generate or elicit an immune response against the TAA. An immunologically 
or therapeutically effective or acceptable amount of binding agent is an amount sufficient to 
bind a pre-determined antigen in vivo or ex vivo, and is capable of eliciting an immune 
response to the antigen. The response inhibits or lulls tumor cells that carry and present a 
newly accessible epitope, thereby ameliorating or eliminating the disease or condition that 
produces the antigen. The immune response may take the form of a humoral response, a 
cell-mediated response, or both. In a preferred embodiment of the invention, the dosage of 
the monoclonal antibody is less than the dosage required to elicit ADCC or CDC. 

The concentration or dosage of the protein in the composition can vary widely, e.g., 
from less than about .01% to about 15 to 20% by weight. As noted above, the composition 
is administered in an amount sufficient to stimulate an immune response against the antigen. 
Amounts effective for this use will depend in part on the severity of the disease and the 
status of the patient's immune system. Generally, the composition will include about 0.1 ug 
to about 2 mg or more of protein agent per kilogram of body weight, more commonly 
dosages of about 1 ug to about 200 ug per kilogram of body weight. The concentration will 
usually be at least 0.5%; any amount may be selected primarily based on fluid volume, 
viscosity, antigenicity, etc., in accordance with the particular mode of administration. 

Administration may be more than once, preferably three times over a prolonged 
period. As the compositions of this invention may be used for patient's in a serious disease 
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state, Le., life-threatening or potentially life-threatening, excesses of the binding agent may be 
administered if desirable. Actual methods and protocols for aclrrnnistering pharmaceutical 
compositions, including dilution techniques for injections of the present compositions, are 
well known or will be apparent to one skilled in the art Some of these methods and 
5 protocols are described in Remington's Pharmaceutical Science, Mack Publishing Co. (1982). 

Administration may also include ex vivo administration protocols, e.g., removing a portion of 
a patient's body fluid, contacting in vitro the body fluid with the therapeutic composition, and 
then returning the treated body fluid to the patient. 

A binding agent may be administered in combination with other binding agents, or 
1 0 may be administered in combination with other treatment protocols or agents, e.g., 

chemotherapeutic agents. 

The therapeutic efficacy of the administered anti-PSA antibody is believed to depend 
on two different mechanisms of action, although the invention is not to be restricted to the 
K recited mechanisms. The first mechanism is the induction of a specific immunity (humoral 

f| 5 immunity) to PSA via the idiotypic network. The second mechanism involves cellular 

immunity - the administered anti-PSA antibody binds to circulating PSA to form a complex 
suitable for binding antigen presenting cells (APCs). Of particular interest, this mechanism 
of action generates a multi-epitopic immune response against the PSA. The targeting of Ar 
f} 47 .47 at the tumor site upon i.v. injection may also favor the migration and accumulation of 

If 0 immunocompetent cells at the tumor site. The secretion of cytokines by these immune cells 

)i may in turn stimulate the production of a protective immune response against various tumor 

antigens. 

In accordance with another embodiment of the invention, the structure of the 
antibody may be modified in order to enhance its capture by dendritic cells. Exemplary 

2 5 modifications include but are not limited to mannosylation of the anti-PSA antibody or 

conjugation to an antibody specifically directed against a murine dendritic cell surface 
marker. Unlike the Fc receptors, the mannose receptor is recycled to the cell surface after 
endocytosis and can therefore allows internalization of ligands in successive rounds. Indeed, 
mannosylated proteins are presented with 100-fold higher efficiency than un-glycosylated 

30 proteins by dendritic cells. 
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EXAMPLES 

Example 1. Production of AR47. 47 

Hybridoma clones secreting anti-PSA antibodies were produced by fusion of the 
murine myeloma cells Sp2/0 with the splenocytes of a Balb/c mouse immunized with 
5 human PSA (figure 3). 

Immunogen: PSA purified from human seminal plasma was obtained from Scripps 
Laboratories, San Diego, CA. [Cat # P0723 (purity, about 50%); Cat # P0725 (purity, 99%)]. 

Mice: Male Balb/cCr/AltBM mice, 6 weeks of age, were purchased from Jackson 
Laboratories and housed on 7th floor Dentistry/Pharmacy Building (HSLAS facilities). 
! o Immunization protocol: Mice were immunized i.p. with 30 ug of PSA (Cat # P0723) 

in complete Freund adjuvant. The mice received subsequendy two i.p. injections at 10 days 
interval with 30 ug of PSA (Cat # P0723). The first booster was performed in incomplete 
Freund adjuvant whereas the 2nd booster was performed in PBS. The serum levels of anti- 
N PSA antibodies were measured by ELISA on PSA coated plates (ELISA # 1) and the mouse 

jf fa 

l;l5 with the higher serum level was subjected to a final intra-splenic boost with 30 ug of PSA 

f;ft (Cat # P0725) in PBS. 

□ Fusion: 3 days after the final intra-splenic boost the hybridomas were generated by 

fusion of spleen cells with the murine myeloma cell line Sp2/0-Agl4 (ATCC CRL-1581). 
Screening: 

| 0 First screening: Hybridoma clones secreting anti-PSA antibodies were first detected 

by ELISA on PSA coated plates (ELISA #1). We selected 80 positive clones from this first 
screening. Those clones are currendy kept frozen in liquid nitrogen tank. 

Second screening: The positive clones were further screened against PSA complexed 
to alpha anti-chymotrypsin (PSA-ACT) (ELISA #2); PSA non complexing to alpha anti- 
2 5 chymotrypsin (ELISA #4); Plasmatique kallikrein (ELISA #5); and PSA peptide 1 39-1 63 

(ELISA #6) 

The reactivity of the AR47 clones towards the different forms of PSA and towards 
kallikrein is reported in Example 2. The isotype of the antibodies secreted by AR47 clones is 
reported in Example 3. 

30 The criteria of selection of a clone for additional studies was based on the reactivity 
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towards PSA and PSA-ACT (the two main forms of immunoreactive PSA in human serum), 
the reactivity towards PSA peptide 139-163 (PSA sequence involved in cellular immunity), 
and the isotype of the secreted antibodies. Based on these criteria, the hybridoma clone 
AR47.47 was selected. 

Adaptation from HAT medium to standard medium: 

AR47 clones arising from 96 well plates and grown in HAT medium were first 
transferred into 24 well plates containing 2 ml of HT medium/well and then, once 
confluence was reached, transferred into 6 well plates containing 6 ml of HT medium/well. 
The adaptation of the cells from HT medium to standard medium was performed gradually. 

HAT medium: RPMI 1640, 10% FBS, HAT supplement, OPI supplement, 0.3 
mg/ml glutamine, 100 ug/ml streptomycin, 100 U/ml penicillin 

HT medium: RPMI 1640, 10% FBS, HT supplement, OPI supplement, 0.3 mg/ml 
glutamine, 100 ug/ml streptomycin, 100 U/ml penicillin 

Standard medium: RPMI 1640, 10% FBS, 0.3 mg/ml glutamine, 100 ug/ml streptomycin, 
100 U/ml penicillin. 

Ascites can be produced in mice pre-treated with pristane (0.5 ml/mouse) and 
injected with AR47.47R6R6. The concentration of AR47.47 in ascites was calculated to be in 
the range of 4 to 6 mg/ml. 



#of 
mice 


# of cells injected per 
mouse 


total # of 
tapping 


total vol. of ascites collected 


4 


1.8 xlO 6 


10 


26 ml 


5 


1.8 xlO 6 


19 


48 ml 


3 


2xl0 6 


10 


18 ml 


5 


1.9 xlO 6 


15 


29 ml 



Prostate specific antigen (PSA) represents an attractive target for the immunotherapy of 
prostate cancer. This glycoprotein is almost exclusively synthesized by the prostatic gland and is 
currendy used for the diagnosis and monitoring of prostate cancer patients. However, since PSA is 
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recognized as a self-antigen, it is essential for effective immunotherapy to develop innovative 
strategies capable of triggering the immune system and induce a protective immunity against PSA 
expressing cells. This example demonstrates the use of an antibody to elicit an anti-idiotype 
cascade associated with an antigen specific anti-tumor immune response. A large panel of anti-PSA 
monoclonal antibodies have been produced in our laboratory and these antibodies were evaluated 
for their potential therapeutic efficacy against prostate cancer. We have demonstrated that the 
immunization of mice with a selected anti-PSA antibody can induce a specific immunity against 
PSA itself. These results therefore emphasize the potential use of anti-PSA antibodies for the 
immunotherapy of prostate cancer. 

Hybridoma clones secreting anti-PSA antibodies were produced by fusion of the murine 
myeloma cells Sp2/0 with the splenocytes of a Balb/ c mouse immunized with human PSA. An 
exemplary clone, AR47.47, binds to an epitope of PSA corresponding to amino acid sequences 
139-163 of the PSA molecule. It has now been shown that AR 47.47 also recognizes amino acid 
sequences 135-150, produces a stronger signal, and may be the minimum sequences required for 

The first criteria of selection used to identify the anti -PSA antibody was the ability of 
this antibody to interact with circulating PSA. Circulating PSA is found either in a free form or 
complexed to anti-proteases such as a-anti-chymotrypsin and <x2-macroglobulin. To screen for 
clones we used three different forms of PSA: free PSA; PSA complexed to a-anti-chymotrypsin 
(PSA-ACT); and free PSA non complexing to a-anti-chymotrypsin (PSA-nc). Free PSA 
corresponds to PSA directly purified from human seminal fluid. Co-incubating free PSA with 
purified ACT results in the formation of PSA-ACT and PSA-nc. PSA-nc can be separated by gel 
filtration chromatography. It is believed that PSA-nc may represent the free form of PSA present 
in the circulation. Complexing of PSA with a2-macroglobulin results in the total encapsulation 
of PSA. As a consequence, this form of PSA is no longer detectable by monoclonal anti-PSA 
antibodies. We therefore did not use this form of circulating PSA for the screening. 

PSA belongs to the kallikrein family and a high degree of structural homology is found 
between PSA and the kallikreins HKI and HK2. The absence of cross reactivity of the anti-PSA 
antibody with kallikrein isolated from human plasma was used as second criteria for selection. 
The hybridoma clone AR47.47 responded to the criteria described above, a strong 
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immunoreactivity was observed with the three forms of PSA used for the screening whereas no 
cross reactivity was observed with human plasmatic kallikrein. The hybridoma clone AR47.47 was 
cloned twice by limiting dilution and the second generation clone AR47.47R6R6 was chosen for 
further studies. Clone AR47.47R6R6 was adapted to standard medium (RPMI 10% FBS) and a 
cell bank was formed. The absence of mycoplasma contamination was verified by using the 
Boehringer Manheim mycoplasma test. Clone AR47.47R6R6 has been deposited in the 
American Type Culture Collection, and has received Accession No. H-B 12526. 

Immunization in DBA mice with a binding composition according to the invention 
(AR47.47) was examined for the induction of a specific PSA immunity via the idiotypic network 
(i.e. induction of Ab3 antibodies). Anti-PSA antibodies (Ab3) could be detected in the serum of 
animals immunized with AR 47.47, a minimum of two injections of AR 47.47 was required for 
Ab3 production. No reactivity towards PSA was detected for the control groups (mice immunized 
with an isotype matched control antibody not related to PSA and mice receiving PBS injections). 

AR 47.47 is directed towards a PSA epitope comprised between the sequence 139-163 of 
the PSA molecule. The anti-PSA antibodies produced by AR 47.47 immunized mice can 
specifically interact with the PSA peptide 139-163, showing that at least part of the Ab3 
produced are identical in term of specificity to AR 47.47. These results demonstrate that the 
immunization with AR 47.47 can induce a specific anti-PSA immunity in the host. 

Example 2. Clone culture and productivity 

Growth characteristics in standard medium 

Using standard medium (RPMI 1640, 10% FBS, 0.3 mg/ml glutamine, 100 ug/ml 
streptomycin, 100 U/ml penicillin), AR47.47R6R6 hybridoma cells were seeded at 5 x 10 4 
cells/ml in 6 well plates and cultured for several days. Each day the cell concentration was 
defined by counting the cells manually with an hematocytometer, the cell viability was 
determined by trypan blue exclusion, and the antibody concentration in the culture media 
was measured by ELISA (ELISA # 8). Three independent experiments were performed. 
The growth characteristics of the AR47.47R6R6 hybridoma clone are shown in Figure 4 and 
the following table: 
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Exp. #1 
FBS Lot #1 


Exp. #2 
FBS Lot #1 


Exp. #3 
FBS Lot #2 


Maximum cell concentration 
(million viable cells/ml) 


0.63 


0.66 


0.61 


Maximum viability (%) 


83 


89 


92 


generation time (hr) 


19.5 


21.9 


26.4 


Maximum MAb secretion (ug/ ml) 


65 


61.3 


57.4 



The AR47.47R6R6 clone has a generation time of 22 hours and can grow to a 
maximum of 0.6 milli ons cells/ml. Highest antibody level in the culture media was calculated 
to be approximately 60 (xg/ ml. 

AR47.47 hybridoma cells were adapted to serum free medium (SFM, Gibco) and 
protein free medium (UltraDOMA-PF, Biowhitaker). AR47.47R6R6 hybridoma cells were 
adapted to serum free medium (SFM, Gibco, cat # 12045-084) and protein free media 
(UltraDOMA-PF, Bio Whittaker, cat #15-7-27 and 08-242F). AR47.47R6R6 was easily 
adapted to the protein free medium UltraDOMA. In this medium, the cells were best 
maintained when seeded at a concentration lower than 0.1 millions cells /ml. 

The growth characteristics of AR47.47R6R6 in standard media (RPMI 10 % FBS), in 
RPMI 5% FBS, and in UltraDOMA are compared in the following table: 





RPMI 10% 


RPMI 5% 


UltraDOMA 


Maximum viable 
cells per ml 


0.6 million cells/ml 


0.6 million cells /ml 


0.3 million cells/ml 


generation time 


19.55 hours (Exp 
#1) 

21.9 hours (Exp #2) 
26.4 hours (Exp #3) 


17 hours 


18 hours (Exp #1) 
27.5 hours (Exp #2) 


Maximum antibody 
concentration 


65 ng/ml on day 8 


60 |ig/ml on day 8 


10 ng/ml (day 6, Exp 

#i) 

18 ng/tnl (day 8, Exp 
#2) 



The adaptation of AR47.47R6R6 to serum free medium (SFM, Gibco) was in 
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contrast considerably more difficult The cells did not survived if diluted at a concentration 
lower than 1 x 10 s cells/ml. The cells were best maintained at a cell concentration comprised 
between 2-4 x 10 5 cells/ml. The growth characteristics in this medium were not studied. 

Example 3. 

AR 47.47 was purified by affinity chromatography from either ascites or from cell 
culture medium. The affinity column used is the Gamma Bind Plus Sepharose from 
Pharmacia Biotech. The purification of the antibody was performed according to the 
manufacturer instruction protocol. The chromatography was monitored by measuring the 
absorbency at 280 nm (total protein concentration) and by testing the different fractions for 
the presence of anti-PSA antibody (ELISA # 1). The fractions containing purified antibody 
were concentrated and dialyzed against PBS. The purity of the antibody was analyzed by 
SDS-PAGE. The concentration of the antibody in the starting materials and in the purified 
fractions was determined by ELISA (ELISA # 8) and by measuring the absorbency at 280 
nm (the conversion of the absorbency value to a concentration value was made using an e = 
1.46). 

AR47.47 is an IgGl antibody and interacts specifically with free PSA as well as with 
PSA complexed with ACT. Synthetic linear PSA peptides were used to identify the epitope 
recognized by AR47.47 (figure 5). Direct binding as well as competitive experiments 
demonstrate that the epitope recognized by AR47.47R6R6 is comprised between the PSA 
sequence 139-163. AR47.47 does not recognize human plasmatic kallikrein. The isotype of 
AR47.47R6R6 was determined in an ELISA kit (Southern Biotechnology), and is a murine 
IgGl,k antibody. AR47 antibodies specifically recognize PSA, PSA-ACT, and PSAnc. 

The domain of the PSA molecule comprised between the sequence 140-163 is of 
particular interest for the development of an immunotherapeutic product for prostate 
cancer. Indeed, the following PSA peptides; 141-150, 146-154, 154-163, bind to HLA-A2 
molecules and cytotoxic T lymphocytes specific for these peptides have been generated in 
vitro. 

Using a direct binding assay with the N-biotinylated PSA peptide 139-163, we have 
demonstrated that AR47.47 is specifically directed against this sequence (ELISA #5). Only 
AR47.47 binds to the PSA peptide 139-163. The specificity of AR 47.47 for the PSA 
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sequence 139-163 was further confirmed by a competitive binding assay (ELISA # 7). The 

binding of AR47.47 to immobilizedJSA cap be inhibited in a dose dependent manner by N- 

biotinylated PSA peptide 139-163^. In an attempt to identify more precisely the minimal 

sequence recognized by AR 47.47, we have studied, using the same competitive assay ^^jpfa: ^ 

(ELISA. # 7)„the inhibition of the binding of AR47.47 to PSA by the PSA peptides 141-150 

146-154, 154-163: 
A * 



PSA 139-163 


EEFLTPKKLQCVDLHVISNDVCAQV 


PSA 141-150 


FLTPKKL^CV 


PSA 146-154 


KLQCVDLrW 


PSA 154-163 


VISNDVCAC^ 



The 9 amino-acid short peptide sequences were not able to inhibit the binding of AR 
47.47 to PSA. The absence of inhibition can be explained by AR 47.47 recognizing a 
conformational epitope, and/or AR 47.47 recognizing a linear epitope but the peptide 
sequences used are not representative of the rriinimal binding sequence of AR 47.47 for PSA 
(for example AR 47.47 may recognizes the region 139-148 of the PSA molecule). It is worth 
mentioning that all the peptide sequences used possess a cysteine. It is likely that the 
peptides will dimerize immediately after solubilization by formation of a disulfide bridge 
between two cysteine residues. The dimerized peptides may not be recognized by AR47.47. 
It has been shown, however, that various antibodies recognize an epitope near the N- 
terminus of the PSA molecule, and these antibodies induce a therapeutically beneficial 
immune response. 

The measurement of the affinity of AR 47.47 for PSA was determined using either 
radiolabeled AR 47.47 (RIA # 1) either radiolabeled PSA (RIA # 2). The Kd values 
calculated from independent experiments are reported in the following table: 
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Radiolabeled 


Specific activity 


affinity for PSA 


affinity for PSA-ACT 


affinity for PSA 


ligand 


OiCi/ng) 


Kd(nM) 


Kd(nM) 


peptide Kd (nM) 


AR 47.47 


47 ^iCi/ng 


2.1 


1.6 








2 


1 




AR 47.47 


15.8^Ci/ng 


3.3 




3.4 


AR 47.47 


29 nCi/Mg 


2.77 




2.3 






2.2 




1.6 


PSA 


7.65 jiCi/ng 


1.1 






PSA 


7.65 KiCi/|ig 


0.6 







The PSA sequence recognized by AR 47.47 does not contain tyrosine and therefore 
is likely not to be affected by the iodination process. The slighdy higher affinity of AR 47.47 
calculated when radiolabeled PSA is used in comparison of radiolabeled AR 47.47 may 
suggest that the affinity of the antibody is slighdy diminished by the iodination process. 

The affinity of AR 47.47 for PSA-ACT was performed using radiolabeled AR 47.47 
(RIA #3). Two independent experiments were performed. The affinity constants calculated 
from the Scatchard plots were 1.6 nM and 1 nM respectively. The affinity of AR47.47 for 
both PSA and PSA-ACT therefore appears to be close. 

The affinity of AR 47.47 for PSA peptide 139-166 was performed using radiolabeled 
AR 47.47 (RIA #4). Three independent experiments were performed. The affinity constants 
calculated from the Scatchard plots demonstrate similar affinity of AR 47.47 for both PSA 
and PSA peptide 139-163. 



Source 


MAb concentration in 
the starting materials 


Total amount of 
antibody purified 


Yield 


ascites (9.5 ml) 


4 mg/ml 


31 mg 


80% 


ascites (56 ml) 


4.4 mg/ml 


145 mg 


60% 


culture medium (120 ml) 


14.6 mg/ml 


1.4 mg 


80% 



The fragmentation of AR47.47R6R6 antibody into F(ab)2 fragments was realized by 
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enzymatic digestion using immobilized ficin (Pierce) as described by the manufacturer 
instructions. The separation of the Fab fragments from the Fc fragments was performed by 
affinity chromatography on Protein A column. The non-bound fractions washed out of the 
column contain the fab fragments whereas the bound fractions contained the Fc fragment 
and eventually the remaining non-digested antibody. 

The fractions eluted from the Protein A column were first tested for their 
immunoreactivities with anti-Fc and anti-Fab antibodies (ELISA # 9 and 10). The results 
obtained indicate that the first fractions directly eluted from the column contain as expected 
Fab [either Fab or F(ab)2] fragments and were not contarriinated with Fc fragments. We 
further demonstrated that these Fab fragments were still able to bind PSA (ELISA #11, 
RIA #5).: SDS PAGE analysis of AR 47.47 purified from GammaBind + column. 

Example 4. Animal model 

Two murine PSA-transfected cell lines (Line-l-PSA; P815-PSA) were obtained from 
Dr. E.M. Lord (University of Rochester, NY). Line-1 is a Balb/cByJ (H-2 d ) mouse lung 
carcinoma cell line and P815 is a DBA/2 (H-2" 1 ) mastocytoma cell line. The transfected cell 
lines Line-l-PSA and P815-P SA are stably transfected and secrete high level of PSA in the 
culture medium (Figure 6). The levels of PSA expression by these transfected cell lines is 
comparable to what has been observed in the dihydrotestosterone -induced human prostate 
cell line LnCAP [Wei et al; Cancer Immunol Immunother, 42:362-368 (1996)]. 

The expression of MHC class I and MHC class II molecules was studied by FACS 
analysis using the commercially available antibodies directed against H-2KdDd (MHC class 
I) and I-Ad (MHC class II). P815-PSA cells grown in vitro or isolated from solid tumor 
(from DBA mouse) express high level of MHC class I molecules but only low levels of 
MHC class II molecules. When grown in vitro, Line 1-PSA expressed very low levels of 
MHC class I and II molecules. However, the expression of MHC class I and II molecules 
could be induced by treatment of the cells for 5 days with 3% DMSO. 
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MHC Class I 


MHC Class II 




negative control 


MAb anti-H2K d d d 


negative control 


MAb anti-I-A d 




(mean) 


(mean) 


(mean) 


(mean) 


P815-PSA 










grown in vitro 


3 


652 


4 


41 


isolated from 
solid tumor 


3 


849 


3 


69 


Line 1-PSA 










grown in vitro 


4 


18 


15 


46 


isolated from 
solid tumor 


5 


91 


18 


113 



Two syngeneic tumor models were established. The first animal model consists of 
Balb/cByJ mice injected intravenously with 0.1 million Line-1 -PSA tumor cells. After 3-4 
weeks the mice were sacrificed and the tumor burden was calculated by measuring the 



number of tumor foci in the lung and by measuring the weight of the lungs. 

The second animal model consists of DBA/2 mice injected subcutaneously with 0.5 
million P815-PSA cells. After 2 weeks the tumors were palpable and measured at regular 
intervals with a caliper. Four weeks after the inoculation of the tumor cells, the mice were 
sacrificed, the tumors are dissected and weighed. 

Example 5. Anti-idiotypic induction of PSA immunity in mice 

Mice were used to determine whether immunization with anti-PSA antibodies can induce 
a specific immunity against PSA via activation of the idiotypic network. The goal of this 
experiment was to demonstrate that the immunization of mice with anti-PSA antibodies (Abl) 
can stimulate the immune system to generate anti-idiotypic antibodies (Ab2 ^surrogate antigen), 
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and and- anti-idiotypic antibodies (Ab3) capable of reacting with the original antigen. 

These experiments used a commercially available antibody as a model anti-PSA antibody 
(RLSD09; ATCC HB-8525). The purified antibody was conjugated to Keyhole Limpet 
Hemocyanin (KLH) to enhance its immunogenicity. The anti-PSA antibodies conjugated to KLH 
were still capable of binding to PSA, indicating that the idiotype of the antibodies were not 
masked by the conjugation procedure. B43.I3 antibody, a mouse monoclonal antibody of the 
same isotype as the PSA antibody (IgGI) was used as the control B43.I3 antibody is specifically 
directed against the CAI25 ovarian tumor antigen and does not cross react with PSA. In addition 
FACS analysis verified that the B43.I3 antibody does not bind at the cell surface of Line- 1 -PSA 
orP8I 5-PSA. 

Mice were subdivided into three groups of five mice each. The first group of mice was 
immunized with anti-PSA antibody conjugated to KLH. The second group of mice was 
immunized with the control B43.I3 antibody conjugated to KLH. The third group of mice 
received PBS injection. Injections were performed i.p. at 10 days intervals with complete Freund 
adjuvant for the first injection and incomplete Freund adjuvant for the second injection. 

Ab2 is a surrogate antigen capable of mimicking the PSA epitope recognized by the 
injected anti-PSA antibody. A competitive inhibition assay was established to measure the serum 
level of Ab2. This assay was performed 5 days after the second injection. An inhibition was 
observed after incubation in the presence of mouse sera from mice immunized with anti-PSA 
antibody, but not when sera from mice immunized with control antibody or PBS were used. These 
results indicate that the immunization of Balb/c mice (Figure 7A)and DBA mice (Figure 7B) with 
the anti-PSA antibody can induce the formation of anti-idiotypic antibody (Ab2) capable of 
mimicking PSA. 
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Example 6, 

^Ab3 corresponds to the anti-PSA antibodies produced by the host. The Ab3 level in 
the mouse serum was measured by ELISA on PSA coated plate, performed 5 days after the 
second injection (Figure 8). The anti-PSA antibodies measured by this assay can not 
correspond to the injected antibodies. Anti-PSA antibodies could be detected in the mouse 
serum of DBA mice and Balb/c mice immuni2ed with anti-PSA antibody. These results 
demonstrate that an anti-PSA immune response can be induced in mice by immunization 
with an anti-PSA monoclonal antibody. 



Example 7. Effect of Anti-PSA immunization on tumor development 

Balb/c mice were used to determine whether immunization with anti-PSA antibodies 
can protect the animals against a subsequent tumor challenge. Balb/ c mice were divided into 
3 groups of 5 mice each. The first group was immunized with anti-PSA antibody RLSD09 
conjugated to KLH, the second group was immunized with control antibody B43 conjugated 
with KLH, the third group received PBS injections. A total of 4 injections were given for 
each group using 50 jig of antibodies for each injection. The tumor cells Line-l-PSA were 
injected intravenously between the third and fourth injections. Nineteen days after tumor 
inoculation, the mice were sacrificed, the number of tumor foci in the lungs and Ab3 levels 
in the serum were determined. 

The tumor burden in the group of mice immunized with anti-PSA MAb was 
considerably lower compared to the group of mice immunized with control antibody. Of 
particular interest is the demonstration, in the gtoup of mice immunized with anti-PSA 
MAb, of a negative correlation between Ab3 levels and the number of tumor foci in the 
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lungs (Figure 9). 



Example 8. Effect of immunization on the induction of a specific PSA imm u n ity 

We have studied in DBA mice whether the immunization with a monoclonal 
antibody that specifically binds to PSA (AR47.47) can result in the induction of a specific 
PSA immunity via the idiotypic network (i.e. induction of Ab3 antibodies). Anti-PSA 
antibodies (Ab3) could be detected in the serum of animals immunized with AR 47.47, a 
minimum of two injections of AR 47.47 was required for Ab3 production. No reactivity 
towards PSA was detected for the control groups (mice immunized with an isotype matched 
control antibody not related to PSA and mice receiving PBS injections). See Figure 10a. 

Ar 47.47 is directed toward a PSA epitope comprised between the sequence 139-163 
of the PSA molecule. The anti-PSA antibodies produced by AR 47.47 immunized mice can 
specifically interact with the PSA peptide 139-163 (Figure 10b). We can therefore conclude 
that at least part of the Ab3 produced are identical in terms of specificity to Ar 47.47. These 
results demonstrate that the immunization with AR 47.47 can induce a specific anti-PSA 
immunity in the host. 

Example 9. 

The syngeneic tumor animals models used for these studies are: 
A. Balb/cByJ mice injected intravenously with 0.1 - 0.04 million Line-l-PSA tumor 

cells. After 3-4 weeks the mice are sacrificed and the tumor burden is calculated by 
measuring the number of tumor foci in the lung and by measuring the weight of the 
lungs. 
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B. DBA/2 mice injected subcutaneously with 0.4 million P815-PSA cells. After 2 weeks 
the tumors are palpable and measured at regular intervals with a caliper. 
Approximately four weeks after the inoculation of the tumor cells, the mice are 
sacrificed, the tumors are dissected and weighed. 

Therapeutic antibodies and control antibodies 

Therapeutic antibodies: AR47.47R6R6 a murine monoclonal antibodies of the IgGl 
isotype specifically directed against PSA 

Control antibodies: murine monoclonal antibodies of the IgGl isotype: 
CA 125 MAb directed against the tumor antigen CA125 (AltaRex Corp.) 
MOPC-21 a mouse myeloma immunoglobulin of unknown specificity (Sigma) 

The absence of interaction betw een contro l antibodies and PSA was verified by 

ELISA. 

/ The binding of the anti-PSA antibodies and control antibodies to the PSA- 

transfected tumor cell lines was studied by FACS analysis. None of the anti- PSA antibodies 
studied bound to the surface of PSA transfected tumor cells grown in vitro. The control 
antibodies did not bind to the surface of Line-l-PSA tumor cells. A very low binding of the 
two control antibodies was observed for P815-PSA cell line. 
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MOPC 




control 
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MAb 


control 
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12 
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Anti-PSA antibodies and control antibodies were conjugated to KLH in order to 
enhance their immunogenicity in mice (glutaraldehyde conjugation, 1 mole IgG / 0.2 mole 



m 



\ 



KLH) The PSA binding activity of AR 47.47 after KLH-conjugation was considerably ljT - 



reduced by the conjugation process (90%). 
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Experiment # 


5 


6 


7 


8 


9 


mice 


Balb/c 


DBA 


Balb/c 


(dba j 


f Balb/c- 


# mice /group 


10 


10 


5 




5 


Ther apeutic anti- 


47.47R6R 


47.47R6R 


47.47R6R 


47.47R6R 


47.47R6R 


PSA MAb 


6 


6 


6 


6 


6 


Control MAb 


MOPC 


MOPC 


CA125 
MAb 


CA125 
MAb 


MOPC 


form of injected 


KLH 


KLH 


KLH 


KLH 


KLH 


MAb 


conjugate 


conjugate 


conjugate 


conjugate 


conjugate 
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Experiment # 


5 


6 


7 


8 


9 


Dose of MAb per 


50 ng 


50 Mg 


50 Mg 


50 jxg 


50 Mg 


mouse/ injection 












Tumor cells 


Line 1- 
PSA 


P815-PSA 


T " A 

Line l- 
PSA 


Line l- 
PSA 


P815-PSA 


tumor inoculation 




s.c. 


i.v. 


i.v. 


s.c. 



Experiment # 


10 


11 


12 


13 


14 


mice 


DBA 


Balb/c 


DBA 


Balb/c 


DBA 


# mice/group 


5 


5 


5 


5 


5 


Til * " . • 

Therapeutic anti- 


47.47R6R 


47.47R6R 


47.47R6R 


47.47R6R 


47.47R6R 


PSAMAb 


6 


6 


6 


6 


6 


Control MAb 


MOPC 


CA125 


CA125 


CA125 


CA125 






MAb 


MAb 


MAb 


MAb 


form of injected 


KLH 


KLH 


KLH 


KLH 


KLH 


MAb 


conjugate 


conjugate 


conjugate 


conjugate 


conjugate 


Dose of MAb per 


50 Mg 


50 Mg 


50 Mg 


50 Mg 


50 Mg 


mouse /injection 












Tumor cells 


P815-PSA 


Line 1- 


P815-PSA 


Line 1- 


P815-PSA 






PSA 




PSA 




tumor inoculation 


s.c. 


i.v. 


s.c. 


i.v. 


s.c. 
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Example 10. INDUCTION OF A SPECIFIC ANTI-PSA IMMUNE RESPONSE IN 

MICE BY IMMUNIZATION WITH AR 47.47. 

The elicitation of a specific PSA immune response upon immuni2arion with AR 
47.47 and induction of a specific idiotypic network was studied both in Balb/c mice and 
DBA mice. In this set of experiments (experiments # 5, 6, 7, 9, 11, 12), the mice were first 
treated with either AR 47.47, control MAb or PBS, and then inoculated with PSA- 
transfected tumor cells. The results correspond to the measurement of the anti-idiotypic 
(Ab2 ) and anti-anti-idiotypic (Ab3) immune response against AR 47.47 before tumor 
inoculation. 

The detection of anti-idiotypic antibodies (Ab2) was performed by ELISA using 
plates coated with AR 47.47 F(ab) fragments (produced by ficin digestion). The presence of 
Ab2 in the mouse sera of AR 47.47 immunized mice was demonstrated in experiments 7, 9, 
11 and 12. 

Two different ELISA assays were performed to detect the presence of Ab3. The first 
assay detects the binding of Ab3 on PSA coateti plate. Using this assay, we have 
demonstrated in experiments # 5, 6 and 7 the pAsence of Ab3 in the sera of mice 
immunized with AR 47.47. The second assay emplWs the PSA peptide known to be 
recognized by AR 47.47. This assay gave positive signal for the mice immunized with AR 
47.47 in experiment 7. This second assay however hasViot been standardized at this time and 
the results shown in figure 7 should be analyzed with caution since in many cases the 
positive control (performed with AR 47.47) showed negaftve signal. Since the PSA peptide 
used for this assay contains cysteine residues we believed tlmt a cyclisation or polymerization 
of the peptide occurs after solubilization and/or storage of tnb peptide. Such effect may 
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Jr* impairs the binding of the peptide to streptavidin coated plate or to specific antibodies (i.e. 
\ ^ AR 47.47 or |Vb3). 

A competitive ELISA assay employing the PSA peptide recognized by AR 47.47 was 
also performed. The inhibition of the binding of PSA peptide to AR 47.47 immobilized on 
5 ELISA plate is theoretically dependent on the presence of both Ab2 and Ab3 in the mouse 

sera. A competitive inhibition was observed for experiments # 7, 9, 11 and 12. 

These results demonstrate that an anti-idiotypic network resulting in the formation 
of anti-PSA antibodies by the host could be induced in mice (Balb/c and DBA) upon 
immunization with AR 47.47. 



JSjO Example 11. EFFECT OF AR 47.47 ON TUMOR DEVELOPMENT 

1:3 
tin 



51 



The ability of AR 47.47 to inhibit the development of PSA-transfected tumors was v 
studied in both Balb/c mice (experiment # 5, 7, 11) and DBA mice (experiment 6, 9, 12). 



I n this set of experiments the tumor inoculation occurs after treatment of the mice with J 
j,f] either AR 47.47, control MAb or PBS. The immunization of the mice was continued after 

1 1 5 tumor inoculation. 

For each experiment, the following parameters were measured: Ab2; Ab3; Ab2 + 

Ab3; tumor burden. The results obtained for each experiment are shown in the following 

tables: 
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Effect of AR47.47-KLH i mm u n ization on Line 1-PSA tumor development in Balb/c mice 



experiment # 


# of lung ^umor foci (m^an ± SE) 




PBS 


control MAb-KLH 


AR47.47-KLH 


5 


12.3 ± 3.2 


8.3 ± 1.5 


32.3 ± 2.2 


7 


26.6 ± 3.9 


9.0 ± 1.5 


9.6 ± 1.9 


11 


15.2 ± 1.2 


14.8 + 2.5 


25.8 ± 7.5 



Experimen 
t# 


Ab2 


Before tumor inoculation 


After tumor inoculation 


PBS 


control 
MAb-KLH 


AR47.47- 
KLH 


PBS 


control 
MAb-KLH 


AR47.47- 
KLH 


5 












+ 


7 






+ 






+ 


11 






+ 






+ 



Experimen 
t# 


Ab3 


Before tumor inoculation 


After tumor inoculation 


PBS 


control 
MAb-KLH 


AR47.47- 
KLH 


PBS 


control 
MAb-KLH 


AR47.47- 
KLH 


5 






+ 


+ 


+ 


+ 


7 






+ 


+ 


+ 


+ 


11 








+ 


+ 


+ 
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Experimen 
t# 


Ab3 peptide 


Before tumor inoculation 


After tumor inoculation 


PBS 


control 
MAb-KLH 


AR47.47- 
KLH 


PBS 


control 
MAb-KLH 


AR47.47- 
KLH 


5 






± 


+ 


+ 


+ 


7 






+ 






+ 


11 

















Experimen 


Ab2 + Ab3 




t# 


Before tumor inoculation 


After tumor inoculation 


P ■ 
*,3 


PBS 


control 


AR47.47- 


PBS 


control 


AR47.47- 


Vtf 

t ,! 
EiH 






MAb-KLH 


KLH 




MAb-KLH 


KLH 


**i 1 

i:g 


5 












+ 


j;fi 

E' pi 


7 






+ 






+ 


•0.0 


11 






+ 






+ 



? \ 5 

* d Effect of AR47.47-KLH immunization on P81 5-PSA tumor development in DBA mice 



15 



experiment # 


% of mice without tumor 




PBS 


control MAb-KLH 


AR47.47-KLH 


6 


50 


44 


73 


9 


60 


60 


100 


12 


80 


80 


60 
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# • 



Experimen 
t# 


Ab2 


Before tumor inoculation 


After tumor inoculation 


PBS 


control 
MAb-KLH 


AR47.47- 
KLH 


PBS 


control 
MAb-KLH 


AR47.47- 
KLH 


6 












+ 


9 






+ 








12 






+ 









Experimen 
t# 


Ab3 


Before tumor inoculation 


After tumor inoculation 


PBS 


control 
MAb-KLH 


AR47.47- 
KLH 


PBS 


control 
MAb-KLH 


AR47.47- 
KLH 


6 






+ 


+ 


+ 




9 








+ 


+ 


+ 


12 








+ 







Experimen 
t# 


Ab3 peptide 


Before tumor inoculation 


After tumor inoculation 


PBS 


control 
MAb-KLH 


AR47.47- 
KLH 


PBS 


control 
MAb-KLH 


AR47.47- 
KLH 


6 






+ 


+ 


+ 


+ 


9 










+ 




12 
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Experimen 
t# 


Ab2+Ab3 


Before tumor inoculation 


After tumor inoculation 


PBS 


control 
MAb-KLH 


AR47.47- 
KLH 


PBS 


control 
MAb-KLH 


AR47.47- 
KLH 


6 












+ 


9 






+ 






+ 


12 






+ 
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A lower tumor burden in the group of mice treated with AR 47.47 was observed in 1 
experiment out of 3 for Balb/c mice tumor model and in 2 experiments out of 3 for the 
DBA mice tumor model. The same ELISA assays described in the previous paragraph were 
used to measure the humoral immune response in mice after tumor inoculation. The 
presence of Ab2 was detected in the groups of mice immunked with AR 47.47 in all 
experiments. The presence of Ab3 was detected in all groups of mice in all experiments. The 
positive signal obtained for Ab3 in the control grouplT(PBS and control mab) is not 
surprising since the release of human PSA by the growing tumor in vivo will induce an anti- 
PSA immune response. 

Example 12. EFFECT OF AR 47.47 ON TUMOR PROGRESSION 

The ability of AR 47.47 to inhibit the progression of PSA-transfected tumors was 
studied in both Balb/c mice (experiment # 8, 13) and DBA mice (experiment 10, 14)) In 
this set of experiment the tumor inoculation occurs before treatment of the mice with either 
AR 47.47, control MAb or PBS. 
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For each experiment, the following parameters were measured: Ab2; Ab3; Ab2 + 



Ab3; and tumor burden. 

The results obtained for each experiment are resumed in the following tables: 
Effect of AR47.47-KLH immunization on Line-1 PSA tumor progression in Balb/c mice 



experiment # 


# of lung tumor foci (mean ± SE) 




PBS 


control MAb-KLH 


AR47.47-KLH 


8 


14.0 ± 4.6 


12.8 ± 2.8 


13.0 ± 4.7 


13 


4.2 ± 1.0 


5.0 ±1.1 


7.68 ± 2.2 




experiment # 


Ab2 




PBS 


control MAb-KLH 


AR47.47-KLH 


8 








13 






~ / 




experiment # 


Ab3 




PBS 


control MAb-KLH 


AR47.47-KLH 


8 


+ 


+ 


+ 


13 










experiment # 


Ab peptide 




PBS 


control MAb-KLH 


AR47.47-KLH 


8 


+ 


+ 


± 


13 
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experiment # 


Ab2 + Ab3 




PBS 


control MAb-KLH 


AR47.47-KLH 


8 






+ 


13 






••'■'Y 


Effect of AR47.47-KLH immunization on P815-PSA tumor progression in DBA mice 


experiment # 


% of mice without tumor 




PBS 


control MAb-KLH 


AR47.47-KLH 


10 


100 


100 


100 


14 


100 


100 


80 




experiment # 


Ab2 




PBS 


control MAb-KLH 


AR47.47-KLH 


10 






+ 


14 




, - ' --^ 
v " J 


v + J 



>3 



experiment # 


Ab3 




PBS 


control MAb-KLH 


AR47.47-KLH 


10 


+ 


; +; 


+ ■ 


14 




+ '• 


+ j 




experiment # 


Ab peptide 




PBS 


control MAb-KLH 


AR47.47-KLH 


10 








14 
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experiment # 


Ab2 + Ab3 




PBS 


control MAb-KLH 


AR47.47-KLH 


10 






+ 


14 









No therapeutic effect on tumor progression was observed for AR47.47. However it 
should be taken into consideration that the growth rate of tumors in mice far exceed the 
time required for the development of an appropriate therapeutic immune response capable 
to eradicate or slow tumor progression. Also the growth rate of tumor in mice do not reflect 
what is happening in humans since prostate cancer is considered to be a slow progressing 
disease. 



Example 13. Possible mechanism of action 



AR 47.47 Injection (I.V.) 


4 


5 


11 


induction of an idiotypic 


interaction with circulating 


interaction with PSA at the 


immune response 


PSA 


tumor site 


11 


II 


11 


Ab2/Ab3 


processing of tumor antigen 


migration of immune cells 




byAPC 


at the tumor site 


I 


0 


I 


PSA specific CTLs 


PSA specific CTLs 


induction of an immune 






response against various 






tumor antigens 


I 


i 


i 
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Although the present invention has been described in terms of a particular preferred 
embodiments, it is not limited to those embodiments. Alternative embodiments, examples, 
and modifications which would still be encompassed by the invention may be made by those 
skilled in the art, particularly in light of the foregoing teachings. 
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